Monday, September 14, 2015

Simple Harmonic Motion - SHM

Purpose: to determine the relationship between the
period of oscillation of a mass on a spring to:

a) the mass

b) variable of your choice

Hypothesis:

a)

T = 2 w root (m/k)

T Is the time for the mass to do one full oscillation

m is the mass

K Is the spring constant, k=F/x eq. 0.5kg X

9.8N/kg/0.050m, the distance the spring extends
b) don't change k, find another variable and guess a

hypothesis

Procedure/analysis
- determine k
-graph T vs root m
- graph T vs your variable

don't forget uncertainties
calculate % deviation from your slope and theory
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Conclusion
sources of uncertainty

due next Tuesday
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Wednesday, September 16, 2015

Simple Harmonic Motion, SHM

Define:

Motion with a restoring force towards "rest"
position, with the force proportional to the deviation
from rest position.

eg. Mass on a spring or pendulum

x
_\a- F;d': —K)C Frt‘) c/,.n.; :;-’ICX
7 b 4
ﬁ«f=0 Y™ Toe Sw”@

K=

eeeeeeeee



Toof~ - | 4
YF\ ()T
ok~ -~ - a np B) ==

F&

C\j (‘9 {/Lo 0((/\.7‘/\(“"‘ ‘F/e‘?-wv\,cy
0(‘)( / X, 9fn(‘07)
dt A

4% _ 4, ces(e)
dr

\/ = G/ Xa 509(“/ '9

eeeeeeee




sssssssss



eeeeeeeee



-

E K E’I’A'ml ) TL:Q”L X
\ ]
= ){ /QX,,K -7 X

e E,L =L my™
~

|

eg. a 1.0 kg mass is suspended from a spring and
made to oscillate with an amplitude of 5.0 cm. If
the period of oscillation is 0.90s, determine

a) the equation of x vs t - need o,

b) k

c)graph v vs t

d) graph Ek vs t

e) the acceleration at x = 3.0 cm

f) the position of the mass after 2.30s.

Simple Harmonic Motion, SHM
Definition:

Motion with a restoring force(towards a rest position,
x=0) with the force proportional to the displacement,
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Fe = -kx for a spring
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eg. a 1.0 kg mass is suspended from a spring
and made to oscillate with an amplitude of 5.0
cm. If the period of oscillation is 0.90s,
determine

a. the equation of x vs t - need o,

o =2nf = 2n/T=27/0.90s = 6.98 Rad/s
A =Xo = 0.050m

X=0.050m sin(7.0 Rad/s t)
assuming t=0 at equilibrium point.

If X=Xo at t=0, then

Xx=0.050m cos(7.0 Rad/s t)

b. K

o’ =k/m k = (6.98 Rad/s)? x 1.0kg
k=48.7 N/m (remember N=kgm/s?, so
kgm/s?/m = kg/s?)
=49N/m
c.graphvvst |/ .v= & K, = G .,7'6&/’( U-0Cm
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a.graph Ek vs t

Energy max = 1/2 mv2 = 1/2 m ®?Xo? =1/2 kXo?
=1/2 (1.0kg) (6.98)2(0.050m)2= 0.061J
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b. the position of the mass after 2.30s.
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eg. a 1.0 kg mass is suspended from a spring
and made to oscillate with an amplitude of 5.0
cm. If the period of oscillation is 0.90s,
determine

a) the equation of x vs t - need o,
o =2n/T =2 x 3.14159/0.90s = 6.98 Rad/s
X=XoSIN(wt) assuming x=0 at t=0
Xx=0.050m sin(7.0Rad/s t)
x=0.050m sin(7.0s! t) also acceptable

b) k
T = 2pi vin/Vk
k=m’m
= (6.98rad/s)? 1.0 kg = 49N/m =kgm/s? /Im

c) graph v vst
vmax = oXo= 6.98 x 0.05 = 0.35 m/s
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a) the acceleration at x = 3.0 cm

a=F/m = -kx/m =-»?x = -(6.98)20.05 = - 2.4m/s?



b) the position of the mass after 2.30s.

Xx=0.050m sin(7.0Rad/s t)
x=0.050m sin(7.0Rad/s 2.30s)
Xx=-0.019m



Tuesday, September 22, 2015

SHM

definition: motion with a force proportional to the
displacement and opposite in direction.

eg. a pendulum has length 1.65m and a bob mass of

1.24 kg. If you pull the bob 10.0 cm to the side and

release set t=0, (x is the horizontal displacement of the bob)
a) what is the period of the pendulum?

= 2pi root(l/g) = 2 pi root(1.65m/9.81m/s?)
2.58s

b) what is the angular frequency?
o= root(g/l) = sqrt(9.81/1.65)=2.438330278172862 2.44
rad/s
or 2 pi/T = 2xpi/2.58 = 2.435343142317669
2.44 rad/s

what are the equations for x, v, a vs t?
X = 0.10m cos (2.44 rad/s t)‘l
V= - ®Xo Sin (2.44 rad/s t)

v= - 0.244m/s sin (2.44 rad/s t)
a=_ - o’ X_=-2.442 0.1 cos (2.44rad/s t)
a= - 0.594 m/s? cos (2.44 rad/s t)

3

d) sketch Ek vs t and vs x



Ek = 1/2 mv? = 1/2 (1.24kg) (-0.244m/s sin (2.44 rad/s t))?
= 0.5x1.24x0.244"2=0.0369 J
Ek = ‘9&0369 J sin? (2.44rad/s t)
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a) sketch v vs x EK;L m W

V=2w %X Befw)

X A 2
(ﬁ) =X, - X
W

b) what is the speed at x = 7.2 cm? }7 =

v = 2.44xsqrt(0.1°2-0.072"2)=0.169329671351479
17 cm/s or 0.17 m/s

kinematics review:



1. A car is moving at a constant 140 km/h past a police
car at rest. 2.0 s later, the police car accelerates at
7.5m/s?.

a) how fast is the speeding car in m/s?
140km/h(1000m/km)(h/3600s) =
140/3.6=38.8889 m/s = 39m/s

b) how far did the car go in the 2.0s?
38.8889x2=77.7778 =78m d=vt

c) How long will it take for the police car to reach the
same speed as the car?

vi, vf, a, t
v=at+u t= 38.8889/7.5=5.1852 =5.2s

d) How long(from when the car passes the police)
before the police car catches the car?

e) where does the police car catch the car?

2. You throw a ball up in the air at 3.0 m/s from a height
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definition: motign with a force proportional to the
displacement and opposite in direction.

eg. a pendulum has length 1.65m and a bob mass of [
1.24 kg. If you pull the bob 10.0 cm to the side and

release at t=0, (x is the horlzontal |splaceme(1t of the‘)
bob)

) a?ifrequency |—7<"
-WLBO/2.5768< 43837

2.44 Rad/s

c) what are the equations for x, v, a vs t?

X =0.10m cos (2.44Rad/s t)
V= -0Xo Sin(wt) = - 0.244m/s sin(2.44Rad/s t)

a=-o’ X = -(2.44s1)2 0.10m cos (2.44Rad/s t)
a= 2.44x2.44=5.9536
a=-0.595 m/s? cos (2.44Rad/s t)



d) sketch Ek vs t and vs x
Ek = 1/2 mv2 = 1/2 m (-oXo Sin(mt))?
1/2 m ©*Xo? Sin?( wt)
= 1/2 (1.24kg) (2.44)%(0.1)? sin® (2.44rad/s t)
0.5x1.24x2.44x2.44x0.01=0.0369 J

O0%)~ -1 -

a) sketch v vs x
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a) what is the speed at x = 7.2 cm?

0.189 m/s

kinematics review:

1. A car is moving at a constant 140 km/h past a
police car at rest. 2.0 s later, the police car
accelerates at 7.5m/s?.

a) how fast is the speeding car in m/s?

b) how far did the car go in the 2.0s?

c) How long will it take for the police car to reach the
same speed as the car?

d) How long(from when the car passes the police)
before the police car catches the car?

e) where does the police car catch the car?

1. You throw a ball up in the air at 3.0 m/s from a
height of 1.5m.

a) how high does it go?

b) what is the speed after 1.5s?

c) when does it hit the ground?



Thursday, September 24, 2015

review kinematics
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Quiz
review kinematics
Giancoli p37 Q5-17 odds

pP38-41 problems 7, 19, 27, 33, 41, 43

Kinematics
"things move" Nicholas
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Wednesday, September 30, 2015

1. A car is moving at a constant 140 km/h past a
police car at rest. 2.0 s later, the police car
accelerates at 7.5m/s?.

a) how fast is the speeding car in m/s?
140km/h(1000m/km)(h/3600s) =
140/3.6=38.8889 m/s = 39m/s

b) how far did the car go in the 2.0s?
38.8889x2=77.7778 =78m d=vt

c) How long will it take for the police car to reach
the same speed as the car?

vi, vf, a, t
v=at+u t= 38.8889/7.5=5.1852 =5.2s

d) How long(from when the car passes the police)
before the police car catches the car?

7€ t=
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a) where does the police car catch the car?
s=vt= 38.89x14.11=548.7379 =5.5x10°m




s=1/2at? = 1/2(7.5)(12.11)%=
0.5x7.5x12.1172=549.9454
0.54km from where the car passes the police car
1. You throw a ball up in the air at 3.0 m/s from a
height of 1.5m.
a) how high does it go?
v2:u2+25@‘ 372/(2x9.81)=0.4587 m
0.46m above the launch point or 2.0 m above the floor.
b) what is the speed after 1.5s?
v=at+u = -9.81x1.5+3=-11.715 = -12m/s
c) when does it hit the ground?
d=1/2at? t= sqrt(2x1.9587/9.81)=0.631923426631251
v=at+u t= (0-3)/-9.81=0.3058

total = 0.94s e -t\lf? -—-4[-—41,1)( L=
d=1/2at?+ut - —
-1.5=1/2(-9.81)t2 + 3t —1.%

0=-4.9t2+3t+1.5
‘{f:; 0«745




Vectors in 2D

What quantities are

vectors? scalars?

v,a,s,F,g=F/mW, m, V, Energy,

| Luminosity, Power,

l, t?, Resistance, speed,
length, f, t

Adding and subtracting vectors
(multiplying we will look at with
Work/torque/magnetism)

Basics
diagram: you draw vectors as arrows,

S30 Page 32



adding, draw the vectors head to tail
resultant is the vector from the tail of the first vector
to the head of the last vector.

subtracting or the change in a vector
just flip the direction of the second vector.

3 solution methods:

1. scale diagram with ruler and protractor

2. sine/cosine law for 2 vectors

3. vector components - any vector can be represented
as either a magnitude and direction (polar
coordinates) or x and y components (Cartesian

graph)

eg. You swim at 2.00m/s across a 50.0m wide river
flowing at 1.20m/s parallel to the shore.
1) Determine your resultant velocity if you point
a) straight across b) angle so you end up straight
across c) you swim downstream at 30.0° to the
shore
i) determine the time to cross for a,b and c
i) determine where you end up for a,b and c
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1. A car is moving at a constant 140 km/h past a police
car at rest. 2.0 s later, the police car accelerates at
7.5m/s?,

a) how fast is the speeding car in m/s?
140km/h(1000m/km)(h/3600s) =
140/3.6=38.8889 m/s = 39m/s

b) how far did the car go in the 2.0s?
38.8889x2=77.7778 =78m s=vt

c) How long will it take for the police car to reach the
same speed as the car?

u, v, a,t
v=at+u t= 38.8889/7.5=5.1852 =5.2s

d) How long(from when the car passes the police)

before the police car catches the car?
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a) where does the police car catch the car?
s=vt = 39x14.1=549.9
s=1/2at? = 0.5x7.5x12.172=549.0375

1. You throw a ball up in the air at 3.0 m/s from a height
of 1.5m.

a) how high does it go?
u=3.0m/s v=0 a=g=-9.81m/s? s=?



v2=u?+2as

s=-u?/2a = 3"2/(2x9.81)=0.4587
0.46m above launch point or
2.0m above the ground.

b) what is the speed after 1.5s?
v=at+u
v=-9.81x1.5+3=-11.715 =-12m/s

-12m/s
c) when does it hit the ground?

s=1/2at?+ut

-1.5 = 1/2(-9.81)t? + 3t
0=-4905t2+3t+ 1.5
(-3-(sart(9-((4)(-4.905)(1.5)))/(-9.81)))=
0.94s

tup = 3/9.81=0.3058
tdown = sqrt(2x1.9587/9.81)=0.631923426631251
t= 0.3058+0.6319=0.9377 =0.94s

Vectors:
guantities with magnitude and direction

vectors: scalars

s,v,a,F,p, current m, speed, length, Power,

(magnetism), time rel. Energy, $, current, time,
Temp,



Adding vectors: draw them head to tail.
subtracting or the change in a vector: add vectors
but reverse the direction of the second vector.

actual solutions can be found using 3 methods:
1. scale vector diagram with a ruler and protractor
2. sine/cosine law

P\~ 6/74 A:} 2,_‘1_5_/ 5,&.C,
A A, <

2 A a
g Q C d :é%c ‘lLCOSA
3. components - vectors can be represented in 2 ways,
a) magnitude and direction (polar coordinates)

b) as the sum of 2 perpendicular vectors call components
(Cartesian coordinates)
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eg. You swim at 2.00m/s across a 50.0m wide river
flowing at 1.20m/s parallel to the shore.
1) Determine your resultant velocity if you point
a) straight across b) angle so you end up straight
across c) you swim downstream at 30.0° to the
shore
i) determine the time to cross for a,b and c
i) determine where you end up for a,b and c

Free Body Diagram:
3 force scales on a board £ e
record each force and direction
draw a scale diagram of the forces.
draw a scale diagram of the vector addition
of the 3 forces
calculate the resultant force from
1) scale diagram 2) components
%deviation = (Fq-Fc)/Fc X 100%
due Oct 8th /‘ Verson
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Tuesday, October 06, 2015

Projectiles

2Demos:

1. drop hammer, feather, paperclip
hammer and paperclip land at the same time
because air resistance is negligible.
a=0g=-9.81m/s?

2. drop a pen while | throw a pencil horizontally.
The both hit at the same time.
vertical and horizontal motion is independent.
(mythbusters, dropped and fired bullets video)


https://www.youtube.com/watch?v=abUBrQmI33Q
https://www.youtube.com/watch?v=abUBrQmI33Q

https://www.youtube.com/watch?
v=abUBrOmli330

http://techtv.mit.edu/videos/735-monkey-and-a-
agun

Procedure for solving projectile problems:

. separate the velocity into horizontal, x, and
vertical, y, components.

. draw a diagram including the givens and
unknowns.

. find equation relating unknowns to knowns.
(often you have to find time first, then distance)

equations:

assuming air resistance is negligible,
horizontal motion is constant velocity.
vertical motion is constant acceleration.

X y
Sx:th Sy — ]/2gt2 + Uyt

by "'op VU =0
Sx Vx = L(x Sy



https://www.youtube.com/watch?v=abUBrQmI33Q
https://www.youtube.com/watch?v=abUBrQmI33Q
http://techtv.mit.edu/videos/735-monkey-and-a-gun
http://techtv.mit.edu/videos/735-monkey-and-a-gun
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eg. You run off a 15.0 m high cliff and land in
water. If your speed is 7.00m/s what is

1) time to land ii) landing point iii) speed and
direction just before you hit the water
If

a) you run horizontally off the cliff

b) you jump at the edge up so you have the same
speed but up at 37.0° above the horizontal.
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Projectiles
define: an object moving through the air without lift
or propulsion.

2 demos:

1.

W

hammer, feather, paperclip all fall. feather has air
resistance, so it falls slower but the hammer and
paper clip have negligible air resistance so they
fall at 9.81m/s? .

. drop a pen while throwing a pencil sideways.

They land at the same time. Therefore
perpendicular vectors are independent.
(exceptions: fluid flow and relativistic dynamics)

Projectile problems:

. Separate vectors into horizontal, x, and vertical, y,

components.

. Draw diagram with givens and unknowns.
. Find equations relating knowns and unknowns.

common to have to find time them distance.

assuming air resistance is negligible:
Only force on the projectile is gravity.
horizontal motion is constant velocity, vy
vertical motion is constant acceleration,



0=-9.81m/s?
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File Edit wo

Ry

0 ]
0.2

x-Position, Tracked Object 1 (m)

_[Graphtitle here]

¥

Linear
mt+b
m=-13.1%0.75 |
b =129 +0.81 |

r=-0.990

Quadratic
A + Bt + C
A =-6.51
B=129
C =-554

RMSE = 0.0235

y-Position, Tracked Object 1 (m)
y-Velocity, Tracked Object 1 (nys)

0.8 x 1.0 11 . . > 3 i 11
Time (s) Time (s)

[Graph title here] [Graph title here]
00:01.44

213PM
H - 3 8 omms

Sx = 1.28+/-0.04m/s t -1.43+/-0.05m
sy = -6.51m/s?t? + 12.9 m/s t -5.54m

experimental value, exp = slope of vy-t graph

%deviation=|exp-theo|/theo x100% =

08 Page 50



Tuesday, October 13, 2015
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Dynamics in 2-D (on test Oct 21)

Newton's 3 Laws:

First Law - Law of Inertia

- Objects stay at constant velocity (speed and
direction) unless an unbalanced force is applied.
unbalanced force: vector sum of all forces does
not add to zero - vector diagram
le. the components do not add to zero.

watch out! the net force is not a force, it is the sum
of all forces. Don't put the net force on a free
body diagram.

Newton's Second Law: Law of acceleration.



Fret=ma = Ap/At

the acceleration of an object is proportional to the
vector sum of all forces and inversely proportional
to the mass of the object.

Newton's Third Law: Action-reaction Law.

For every force object A acts on object B, B

responds with an equal and opposite force on
object A.

Look at a cart/block rolling/sliding down a slope.
Draw a free body diagram of the forces on the
cart, derive the acceleration of the cart if

a) frictionless

b) coefficient of kinetic friction is .

c) block is sliding up the slope with kinetic friciton,
then stops with static friction ps.

d) solve a,b and c for 1.0kg object on a slope with
27.0° to the horizontal and ux= 0.15 and solve for
minimum pus to have the object stop.



Block 2-4

Projectiles HW, any questions?
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Dynamics in 2-D (chapter 4)
Write out Newton's 3 laws from memory

First Law: Law of Inertia

Objects remain at the same speed and direction
unless acted upon by an external unbalanced
force.

unbalanced: vector sum is not zero, vector
diagram does not meet, the components do not
add to zero.

Fret=vector sum of all forces on an object



Newton's Second Law: Law of Acceleration.

Fret = ma = Ap/At

an object's acceleration is proportional to the
vector sum of all force and inversely proportional
to the mass.

slope of a p-t graph is Fnet

Newton's Third Law: Action-reaction Law.

For every force object A acts on object B, object

B responds with an equal and opposite force on
object A.




/:;Jf - E;SI"/\G'
A = /Ny‘l Wb

le
- ;’\4 b é‘/ L'l‘ on '
i e,




Thursday, October 15, 2015
1:32 PM

using a word processing
document for the report, then
save as pdf and e-mail to
aklaassen@vsb.bc.ca

name and block in subject line
1 video per group - no data

1 lab report per person with data
and 3 graphs

X-1, y-t and vy-t graphs

Projectile Lab

Name

Partners name:

block

Purpose

Hypothesis

Procedure

Observations:
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Linear
el | mt+b —
m=130 £0.048

b =-1.44 £0.054

r=0.995

x-Position, Tracked Object 1 (m)

0.9 1.0 11 1.2 1.3
Time (s)

AEFE -2 2 -AFE-AAN -2 ¥ [ B XG>

v

Quadratic
A2 + Bt +C
A =-643
B =128
C=.553

RMSE = 0.0174

1
0
1
Linear
-2 mt + b t
m=-12.9 £ 0.67
3 |b =128 £0.74
4
5

r=-.0.993

y-Position, Tracked Object 1 (m)
y-Velocity, Tracked Object 1 (mvs)

11 1.2 ’ 0.9 K 11
Time (s) Time (s)

[Graph titie here] [Graph title here]

n#1~ 00:01.44

Analysis: d

Equation of each graph
dy=1.30m/st-1.44m

dy=6.43m/s?t>+ 12.8 m/s t -5.5m

vy =-12.9m/s?t-12.8 m/s

%error = |exp-theo|/theo x 100%

Eg. |-12.9m/s?--9.80m/s?|/9.8 x 100%

Conclusion- does each graph match
hypothesis?

Sources of uncertainty- estimate of the
quantity — evideMce in the data

-9
]

TV
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Look at a cart/block rolling/sliding down a slope.
Draw a free body diagram of the forces on the cart,
derive the acceleration of the cart if

a) frictionless = gsind
b) coefficient of kinetic friction Is L.

c) block is sliding up the slope with kinetic friciton, p
then stops with static friction ps.

d) solve a,b and c for 1.0kg object on a slope with
27.0° to the horizontal and uk= 0.15 and solve for
minimum us to have the object stop.

frictionless= 9.81m/s? sin 27 = 4.45m/s?

friction gsin® + ngcoso
= 9.81(sin27 + 0.15 cos27)
= 6.22 m/s?

gsind = ugcoso
u=tand =tan 27°=0.51



Look at a cart/block rolling/sliding down a slope.
Draw a free body diagram of the forces on the cart,
derive the acceleration of the cart if

a) frictionless R,

K
E [
—32 Fy ‘ Fch’
) E,/“; F} ﬁffl b
M /Wl‘?“" 6 /'_//.u\ﬂfmln-
1= 7 SMé (>\ F 2
l: 4 \\ c? I
Iy B
M’b g 6” - 65310
b) coefficient of kinetic friction is pi. Vin-all ¢(
Fr = uR

a -~ M g cUsO[ i

Drakovg
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c) block is sliding up the slope with kinetic friciton, p

then stops with static friction ps.
d) solve a,b and c for 1.0kg object on a slope with

27.0° to the horizontal and uk= 0.15 and solve for
minimum us to have the object stop.
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Monday, October 26, 2015

Pulley Problems

A 0.50kg m
suspended
frictionless

ass and a 0.20 kg mass are
over a massless and

acceleration and tension in the string if

a) system Is

pulley. Determine the ﬂ

vertical and hanging freely

b) 0.50 kg mass is on a frictionless slope,
70.0° to the horizontal.

C) same as

0 but with u=0.40 /11? ’

d) horizonta

system with the 0.20kg €W

mass on the 0.50 kg mass, u=0.40
between all surfaces.

g O

0-2%cy

If F=15.0
ermine a

N, det
. .

P91-92 Questions 1,3,4,11,17,21
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p94-96 Problems 27,29,31,35,39,47,49,51
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P91-92 Questions 1,3,4,11,17,21
P94-96 Problems 27,29,31,35,39,47,49,51
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Wednesday, October 28 , 2015

Circular Motion (chb5)

motion in a circular path

uniform circular motion- constant speed
(note: velocity Is constantly changing)
non-uniform - speed changes but still
circular

If v is changing then there must be
acceleration.

a=AV/At
for uniform acceleration a=(v-u)/t

but the magnitude of v and u are the
same, what's the deal?

vector subtraction 'Fv’ rfrsa

= " _
Vi C\v e vt

V¥
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the acceleration is towards the centre of
the circular path.

even though the speed is constant, there Is
acceleration.

Trust me

for non-uniform circular motion, the radial
component of the acceleration, is the
centripetal acceleration, ac=v4/r using the
speed at that instant.

eg. | will swing a bucket of water over my
head.
a) If the radius of the circular path is 1.0m
what is the minimum speed that | should
swing the bucket so | don't dump water

028 Page 83



on my head?

b) Why doesn't the water spill out?

c) What is the period of revolution to give
the minimum speed at the top of the
path?

d) What is the tension in my arm if there Is
2.0kg of water in the bucket at )top ii)
halfway down l1ii) bottom (assume speed
IS constantly at the minimum speed)

e) If the speed at the top Is the minimum
speed and the bucket accelerates due to
gravity (non-uniform) what is the speed
and tension at the bottom of the circular
path.




¥, TAW
MAwy,
(5.01v - 0-4(e2)T ~(0~’~('-¢r)q.&p

15.0N-2.744N-2x0.784= 10.688N
a=Fnet/m = 10.688N/0.7kg

0.7=15.2686
15.3m/s?
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Circular Motion (chapter 5)

Motion in a circular path.

Uniform circular motion: motion with a
constant speed. (the velocity i1s constantly
changing as the direction changes - so
there Is acceleration)

non-uniform circular motion - circular path
but changing speed.

Bucket - | swing a bucket of water over my
head. Why doesn't the water fall out?

look at an object moving in uniform circular
motion - the velocity of the object changing

between two points, 1 and 2. /,/,udm(»-
M 'l
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calculus magic (trust me)

for non-uniform circular motion, the
component of the acceleration towards the
centre of the circular path ac=v4/r

ac IS the centripetal acceleration

v IS the instantaneous speed

r is the radius of circular path



Friday, October 30, 2015

ed. | will swing a bucket of water over
my head.

a) If the radius of the circular path is
1.0m what is the minimum speed that
| should swing the bucket so | don't
dump water on my head?

b) Why doesn't the water spill out?

c) What is the period of revolution to
give the minimum speed at the top of
the path?

d) What is the tension in my arm if there
IS 2.0kg of water in the bucket at 1)top
i)halfway down iii) bottom (assume
speed Is constantly at the minimum
speed)

e) If the speed at the top is the minimum
speed and the bucket accelerates
due to gravity (non-uniform) what is
the speed and tension at the bottom
of the circular path.
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=

centripetal a{:celeration ac IS the

component of acceleration towards the

centre of the circle

Fret=ma SO

centripetal force is the component of the

net force towards the centre of the

circular path

- It Is not a force - it is the sum of all
forces.

the water doesn't go out of the bucket
because as It falls, it moves sideways
and down

what Is the rate at which the water
falls?

at least 9.81m/s? = v4/r at minimum
Speed



__ V98Tmx L.0m
2

S
=3.1m/s

1) at the top If we are at minimum speed,
the acceleration of the water is
9.81m/s? so no force is required -
gravity Is the centripetal force.

Ft:O
R v = 3
_ X A9 w~¢
tf =mV . 3,0147(“..1) W Free 9

i) at the bottom, Fnet = Fc = Ft - Fg
Ft = Fc+Fg = 20N+20N=40N

c) v=d/t = 2nr/T 4T
=\v2/r = 2y = v
a=v2/r = (27r/T )2/ 7/_4)(1IZ~

A a=Am2eiT2 L Am2rf2

ooooooooo
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L is distance from

rotation point to
centre of mass

ooooooooo
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ed. | will swing a bucket of water over
my head.

a) If the radius of the circular path is
1.0m what is the minimum speed that
| should swing the bucket so | don't
dump water on my head?

Fur =T~ E‘
af M [ 5/'—0—0{
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b) Why doesn't the water spill out?
The water is moving fast enough that it falls
In a trajectory that follows the circular path.

(like an orbit, circular path is caused by gravity
and no other forces)

c) What is the period of revolution to
give the minimum speed at the top of
the path?
v=d/t if speed Is constant
d=2nr t=T period
v=27r/T
a=v2/r = (2nr/T)?/r = 472r® [T2%

Ja:47t2r/T2 ] T = 2pi root(r/a) = 2.0s

d) What is the tension in my arm if there
IS 2.0kg of water in the bucket at i)top

Ft = 0 at minimum speed

ooooooooo



I)halfway down
/\‘F“A i(_ \V4 ("07 COAG‘I'W/r

0 TN

é&—. FJ FM,"7 ma = Fr 3
S 30N = Ak (d)
S (.Ow~

i) bottom (assume
speed Is constantly at the minimum
Speed)

a) If the speed at the top is the minimum

speed and the bucket accelerates
due to gravity (non-uniform) what is
the speed and tension at the bottom
of the circular path.
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title

name, partners name, block
purpose: - specify variables
hypothesis - derivation from last
class

T2 =4r°/g L

procedure- write a procedure

observations:
table with units and uncertainties

time for 3 swings T2(s?) L(m)

S +/- +- /-
0.50
1.50

Independent: L on x axis

graph T?vs L

% deviation of slope (units) to 4n?/g
write out your equation of the graph

N3 Page 103



max/min lines
T2 = (4.0 s?/m +/- 0.1s%/m) L + 0.50s2%+/-0.06s%

conclusion - does the data support your
hypothesis and to what precision.

Sources of error - guantify and compare to the
deviation and give evidence.
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Gravity

definition

History - Aristotle - water and earth go

down, fire and air go up. More earth

(more mass) go down faster.

Galileo - found stuff falls at the same

rate regardless of mass.

Kepler - Laws of planetary motions.

- planets move in ellipses with Sun at
focl

- line from sun to planet sweeps out
equal areas in equal time

- ratio - Periods of planets to their radii
corresponds to T4/r3 = k a constant
Newton - everything is attracted to
everything else. More mass = more
attraction. More distance = less
attraction.
Einstein - gravity Is curvature of
Space-time
modern physics - graviton?



We are looking at Newtonian gravity
for now assuming circular orbits.

Fg= GMmM/r?

gravitational pull, Fg, In newtons is
proportional to the masses, m and M,
and inversely proportional to the
distance between the centre of the
masses, r.

G - universal gravitational constant
6.67 x 1011 Nm?/kg? everywhere in
the universe







)
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Gravity

History - Aristotle - natural resting points.

Earth and water go down, air and fire go up.

Things with more earth (mass) fall faster.

Ptolemy - planets revolved around Earth in

epicycles. (circle in circle)

Copernicus - Sun centre of solar system.

Galileo - things fall at the same rate

regardless of mass If air resistance Is

negligible. We don't feel the motion of the

earth because of our Inertia.

Kepler - Laws of motion of Celestial Bodies.

- Planets move in elliptical orbits with the
sun at focili.

- The line between the planet and the sun
sweeps out equal areas in equal times.

- ratio of the period of revolution of the




planets squared to their average radii
cubed is a constant T4/r3 = k constant

Newton - Gravity Is a force that attracts all
masses to each other. Everything in the
universe Is attractive, more mass=more
attraction, more distance between the
mass= less attraction

m M

Fq=GMm/r?



M and m are any two masses, in kg.

r is the distance between the centres of
the two masses, in m.

G Is universal gravitational constant
6.67 x10-1t1Nm>?/kg?

Orbits:
/ ~ .
/ v\
—-Z;@
\ 7 Plawk
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Einstein - gravity Is curvature of
spacetime.
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1. You pull a 45.0 kg bale of hay with 140 N
of force at 28.0° above the horizontal.
If the coefficient of friction is 0.30,
determine

a) horizontal component of the applied
force

b) normal force (not = mg)

c) the acceleration of the bale

d) the work done by you after you pull it
3.0m

e) the work done by friction

f) the kinetic energy of the bale

g) You drop the bale of hay onto a spring

1111111111



from a height of 2.0m to the top of the
spring. If the spring constant is 3200
N/m, what is the maximum compression
of the spring?

1111111111
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e) w= T x5=-{1Lsx
£ w7

7@ = Pt §

__ 1) 45x0.247x3=33]
g) Eg=Eelastic
mg(h+x)=1/2kx?

A5x9 8(2_0 +x) =1/2 3200 x2
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2 &  45x9.8(2.0 +x) =1/2 3200 x2
X= quadratic solution
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Work Energy Theorem

W=change in energy F

W_:Fscose <o

F is force TS o=
! : —

s Is displacement S

0 is the angle between F and s.

If F 1S not constant, W = area under F-s
graph = | Fds

units: Joule, J = Nm

Energy is conserved. It only changes
form (mass is a form of energy E=mc?)

forms of energy
Energy of motion, kinetic energy Ex

Ew=1/2 mv? derive from wW=FnetS

'e[it‘)"}f(, eMV7\7 = F} L“f'F°'k]‘
—~1: ) /l/,m/-w“"w/”dE‘?
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Friday, November 20, 2015

Review-

N96 - General Problems 55, 56, 59, 63
N123 52, 54, 56, 57, 61,62

n147 62, 64, 67

Q56p123  Saewy, R
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Review-

096 - General Problems 55, 56, 59, 63
0123 52, 54, 56, 57, 61,62

n147 62, 64,

6.38 x 10°m
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Gravitational Energy
Near Earth
Eq=mgh ¢=9.81 N/kg V~

Universal
Eq=-GMm/r
relative to 6
Eg=0

at r=infinity |

S4+ f{{{b.:-u(t Fo’./\f Y —;OO

E,>0

Definition of gravitational energy -
work required to move a mass, m, from
Infinity to .
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Energy due to the gravitational field
relative to O at r=infinity.

eg. A 2.0 x 10° kg space capsule leaves
Earth. How much energy in fuel is
required (ignore air resistance) to
a) go up 50.0 m above Earth's surface
b) go up 400.0 km above Earth
C) go into stable orbit 400.0 km above the
Earth's surface
d) escape the Earth's gravitational field
e) graph Energy vs r (include total energy,
gravitational energy and kinetic energy)
of the space ship for
- projectile with 1) escape energy Ii) half
escape energy lii) double escape
energy
- satellites in stable orbits (general
shape)

ssssssss
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related to your position in a gravitational
field

uniform field, g iIs constant over the
change in height

eg. near Earth, g=9.81 N/kg

Eg= mgh MD/(L.WL

non-uniform field - gy’ 4
- ,/\,./
’(} ﬁr‘/'a'\r:; A E’ ]
:Sﬁ*r
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Define gravitational energy, Eg as the
work required to move a mass m from
Infinity to r.
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Earth. How much energy in fuel is
required (ignore air resistance) to
a) go up 50.0 m above Earth's surface
Eg = mgh 5981 kJ

b) go up 400.0 km above Earth
AEg=-GMm(1/rf - 1/r)
-6.67x1011(5.98x102%4)(2000)

X (1/6.78 x 10° - 1/6.38x10°)
-(1.1766 x 1011J - 1.25036 x1011))
=7.38 x 10°J

C) go into stable orbit 400.0 km above
the Earth's surface
answer from b and add Ex
Fc=Fg
mv23/r = GMm/r?

v = GM/r

Ek=1/2 mv? = 1/2 GMm/r = 1/2 |Eg|
for a stable orbit

Ek =1/2 (6.67x10-11)(5.98x10%%)
(2000) / 6.78 x 10°)

NNNNNNNNNN



=1.1769 x 10113/2 =5.88x1019J
7.4x10°J + 5.88x1019J = 6.62x1019J
AEg Ek Et

d) escape the Earth's gravitational field

Ex > or = AEq

Egf = 0 at r = infinity

Ex = Egf - EqI

Ek =0 - (-GMm/r)

Ek = GMm/r =
(6.67x1011)(5.98x1044)(2000) / 6.38
X 10°)

= 1.25x10%J

escape speed 1.12 x 10*m/s

e) graph Energy vs r (include total
energy, gravitational energy and
Kinetic energy)
of the space ship for

- projectile with 1) escape energy Ii)
half escape energy Iii) double
escape energy

- satellites in stable orbits (general
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